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AUTHORS: Tarnovskiy, I. Ya-, Ganago, 0. A. VYaysburd,. R. A. 
iaehanian aed 


in drop and forging 


TITLE: Calculating the forces 
PERIODICAL: Tayest he vysshikh uchebnykh zavedeniy. Chernaye metallurgiya, no. 2 
vee 1961, 51 - 62 " , 


TEXT - The rated pressing stress .0 to be selected for the ex- 
finish forging when the surplus metal of 


pected maximum pressure yequired, 1.@-, 
number of existing theoretical 


the blank. is forced out into the flash. The high 
and empirical fo C ‘poth important- and difficult to 


golye. Usually the zone of plastic deformation at the flash space is determined 

experimentally and the data are used~ The authors consider this 

practice wrong ginoe the results are correct for the definite experiment conditias 7 
only, and use 4 different approach. The artic. 3 48 mathematical analysis — oe 
fn which the spreading of the plastic deformation zone & yi 
termined theoretically for the minimum (instead ofithe maximum 
energy. This principle itself had been treated in three previous works. Ref. 8: 
I. Ya. Tarnovskiy, A. A. Pozdeyev, V- B. Lyashkov. Deformataly 
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Caloulat 
katke (Metal deformation in rolling), Metallurgizdat, 1956; Ref. 9: I. Ya. Tar- 
novskiy, O. A. Ganago, R. A. Vaysburd. "nauchnyye doklady vysshey shkoly. Metal- 
lurgdya, 1959, no. 1; Ref. 10: I. Ya- Tarnovskiy, A. A. Pozdeyev- "nauchn. dokl- 
v. Bhk. Metallurgiya’, 1958, no. il. Numerous experiments had been conducted with 
coordinate networks traced in different portions of specimens 
studied with 4601 microscope, and the same means were used later for verifying the 
theoretical conclusions. A formula describing the real spread of the plastic de- 
formation into the die cavity has peen derived {see Figure 1, a)? 
(1) 
at of plastic deformation; 


x 
h, = hg + ahg (2-4) 
where h - current ordinate (or height) of expanding s¢ 
a, - indeterminate (variable) parameter. The formula (1) determines only the 
shape of the poundary between the rigid (1) and the plastic (2) zone in the forg- 
ings, but the volume of the. plastic deformation zone depends 
meter (a,)- Tis parameter ig determined by the following analysis. 
aomputer had been used for more accurate calculations. 
Siebel formula (the latter for the determination of spec 
employed in the derivation of the final two simple formulas (12) and 


ific contact friction) are 
(13) for the 
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case of flat and of axially symmetric forgings: 


ee eee es EBs... © 
; ibs, 1+ 0.25 H,’ | (12) 
where B = 2b is the width of the forging with the flash bridge; H,= eh. - the 
flash thickness: t 

(13) 


eee otter Ms 


2? 

ameter with the flash bridge. The forma (12) corres- 

1a obtained by Unksov [Ref. 12: Plasticheskay2 aeformatsiya pri 

4¢ Deformation in Porging and: Stamping), Mashgiz, 1939] 

the stresses dur petween two parallel plates, 
rmula aerived for the case of upsetting 

jaence of the for an important conclusion ~- 

quired for finish forging the configur- 


rtical cross section, put 
flash thickness; and the temperature and speed of 


of cylinders. This coinc 
that the value of the force re 
ation of the forging in the ve 
of the forging 4n the planes. the 
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Experiments conducted with lead forgings Save vere cerendes: ( 
eae myere are 5 figures, 3 tables and 13 Sov: | 
conelusion. 4% 7 . 


Figure A: 
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AUTHORS: farnovakiy, I. Ya, Pozdeyev, A. A., Meandrov, L. y., Knasin, @. A. 


TITLE: The dependence of the deformation resistance on the ductile proper- 
ties of steel in hot pressure working 


Izvestiya vysshikh uchebnykh zavedeniy. Chernaya metaliurgiya, no. 


3, 1961, 82 - W 


ests have been carried out with the upsetting of 16 diff 
different deformation ratesi 0.05; 7,5 and 150 
eohniques, the date obtaia- 


The graphs. present the real 


PERIODICAL: 


TEXT s erent ateel 
grades at 900 - 1,200°C and three 
geo-l. The article presents detalis of the experiment t 
ed in the form of graphs, and derivations of. formlae., 
stress value variations with the deformation degrees, as well as with deformation 
pate at different temperatures. Fhe growth of deformation resistance (2.6., hardar 
ing) of some steel grades at 1,100 - 1,200°C, and a ‘Low deformation rate were found 
to be so insignificant that the yield limit or ultimate sb zngta pould be used as 
deformation resistance sharacteristio, but at high deformation rates the steel be- 


haviour was different, and the sonalusion was drawn that the effeat of the de- 
formation degree should: by all means be taken into account for all the steel types 
studied. The increase in the deformation rate also considerably raised the de- 
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ax derived that expresses the behavior o 
th sufficient accuracy! ’ 


formation yesistande. A formula Ww #£ the 
majority of the 16 steel grades wi 
es _ “ . 

Cnn djtun ite ) (2) 
where Onn 18 the deformation resisvance during linear stressed state and G6 rate; 
6' - the deformation resistance at zero deformation-rate} € oF the deformas.o2 
rate during static tests} ~ any deformation rate; K - a coefficient sha’ 
depends on the steel grade; Remperature and deformation degree,. in kg/om. The 
goeffisient presents in a physical aouse the "tough resistance of metal t> dezor- 
mation". Its sonnestion with the toughness factor 1A analysed; and @ hable i3 
included giving the gumprical values of K and @* salculated for two of the aeiited 
steel grades (at different temperatures and det: mation rates) - i8XHBA (.8KRNVA) 
gud X18H12N2T (Kn18N12é2T) gteel. It is pointed out that the simplified duesili- 
Y equation for, flat employed usually in pressure working theory 

61-63 711565 . 5) 

i ' 
does not sufficiently express the real propersies of steel at high temperatures. 
fhe new equation of sough-dustile guate derived from experimental data is 
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64 - 637 11505 + Hn ean |F i\ - ee gy 


where /c' is the mean (for the entire body volume) value of ‘he toughness co- 

efficient at the given deformation moment, and O' - the extrapolated yield limit 
that accounts at any given moment for the degree Sf the preceding deformation 

of the. body. Equations are derived also for the case of any stressed state. The 

numerical values of the K coefficient render it easy to find the toughness coeffi- 
cient for heated steel also under different .deformation conditions. There are 7 


figures and 4 Soviet-bloe references. a) im 
ASSOCIATION: Ural'akty politekhniqheskly institut (fhe Ural: Polytechnic Institute) 
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Physical equations for the mechanics of a deformed s@2fd in the 
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1. Ural'skiy politekhnicheskly institut. 
; (Forging) (Deformations (Mechanics) ) 
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£193/E483 
AUTHORS : Tarnovski I.Ya., Levanov, A.N., Skornyakov, v.B. 
Marants, B.D. : 
TITLE: Investigation of contact friction forces during 


reduction (by forging) 


EERLODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Chernaya 
metallurgiya, 1961, No.6, pp.53-59 


TEATS When operations of the equeczing group are used to forma 
metal component, the working pressure required. to erfect the plastic 
deformation, the character of the metal flow and the distribution 

of stresses and strains depend upon the frictionai forces in the 

area of contact between the tool and the metal bein; worked, 
Experimental determination of these rorces has ‘been the subject of 
many investigations in which, however, methods and equipment both 
complex and inaccurate have been used. In the present paper, its 
authors describe a simple equipment with the aid of which accurate 
duta on the contact friction forces can be obtained, irrespective 

oy whether static or dynamic loads are used to deform the metal, _ 
The equipment (Fig.la) comprises a measuring block (2), split in 

the centre and held together by a rod (4) incorporating wire strain 
Card 1/9 
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gauges. ‘he measuring block is placed horizontally between the 
uprer (3) and lower (1) plates of a sub-press assembly, so that two — 
test pieces (shown in the diagram by cross-hatching), placed on 
either side of the measuring block, can be simultaneously deformed, 
The test pieces must be placed precisely in line and, in the case 
of cylindrical specimens, a jig.(shown in Fig.lb) is used for this 
purpose, In both the upper and lower heads pins (6 and 7), 
sliding freely in their bushes, are inserted. One end of each pin 
is in contact with the test piece, the other presses against a 
measuring rod (5 and 8), also equipped with wire strain gauges, 

The position of the measuring block can be changed with the aid of 
an adjusting pin (9). When pressure is applied to the sub-press, 
assembled as shown in Fig.la, the normal forces in the area of 
contact between the measuring block and the two test pieces balance 
each other. The sum of the two friction forces is transmitted onto 
the measuring rod (4). Consequently, the rod is under the action 
of a force which is twice the contact friction force, acting ina 
given part of the contact area whose magnitude depends upon the 
position of the test piece in relation to the plane of contact of 
two haives of the measuring block, The pressure exerted on the 
Card 2/9 
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test pieces is transmitted by the pins (6 and 7) onto the measuring 
rods. Pressure and friction forces are recorded with the aid of 
an oscillograph, This method can be used for measuring the 
contact friction forces both during flat deformation and during 
compression of cylindrical specimens deformed at various rates of 
Strain, By varying the distance S between the centres of the ; 
test pieces and the parting plane of the measuring block, the 
integrated contact friction force can be determined as a function 

of S and tangential stresses at any point of the contact area. 

can be calculated, In the case of flat, rectangular test pieces, 

the calculation consists of differentiation of the experimentally 
determined relationship between the integrated friction force 

and 8, The treatment becomes more complex for ao cylindrical test 
Piece, axially compressed, In this case, the reiationship 

between the tangential stresses and the experimentally determined 
equivalent force F(s) acting on the segment determined by the 
distance g§ (Fig.2) is given by ar 


F(s) = AY (ioe sin» dr d o (1) 
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where r and ® are the polar coordinates of points on the 
contact area, t(r) is the sought function of the distribution of 
the tangential stresses along the radius of the contact area and 
rK is the current value of the radius determining the boundary of 
a given segment along the cord, A method of sOlving this 

equation is given and applied to experiments in which the contact 
friction forces were measured during axial compression of 
cylindrical lead. specimens of 36 mm diameter and 36, 12, 6 and 3 mm 
high, Thirty tests were carried out for each do/hg ratio, 

Where do and. ho denote the diameter and height of the specimens, 
respectively, The specimens were compressed to approximately 

12% reduction in thickness at a strain rate of 6 mm/min, The: 
surface finish of the measuring instrument was Va: The results 
are reproduced graphically. Those obtained for a pecdnens with 
do/ho = 1 are shown in Fig.4, where F (kg, left-hand scale, 
curve 1), + (kg/mm2, right-hand scale, curve 2) and pressure p 
(kg/mm2, right-hand scale, curve 3) are plotted against 5 (mm), 
The results obtained for specimens with d,/h, = 12 are shown in 


the same manner in Pig.7. The results of the present 
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: investigation confirmed the earlier views (Ref.9: I.Ya. tepnevekiy. 
,: A.A,Pozdeyev, 0.A.Ganago, "Deformation and forces in pressure 
.. forming of metals", Mashgiz, 1959) on the relationship between the 
. friction forces and the geometry of the deformed specimens and on’ 
ithe distribution of these forces in the contact area. They also 
confirmed the fact (Ref.10: A.I.Tselikov, Stal', 1958, No.5) that 
the contact friction forces increase as the do/ho of the 
‘Bpecimen increases. There are 7 figures and 10 Soviet 


‘i references. 


_ ASSOCIATION: Ural'skiy politekhnicheskiy institut 
(Ural Polytechnical Institute) 


:: SUBMITTED : May 4, 1960 
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E193/E480 
AUTHORS : Smirnov, V.K. and Tarnovskiy, I.Ya. 
- —_———___ Ennai 
TITLE: Forward slip in the transition zones in rolling of 


periodic profiles 


*ERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, chernaya 
metallurgiya, 1961, No.6, pp.95-104 


TEXT: Most periodic profiles, produced by longitudinal rolling, 
-onstitute various combinations of flat and tapered sections, 

in rolling profiles of this type, there are moments when two or 
mare parts of the rolls with different curvatures are in the 
deformation zone. In the present paper, an analysis is carried 
Sut of the conditions for the case when no more than two different 
portions of the rolls are simultaneously in the deformation region. 
All possible combinations of flat and tapered sections are shown in 
Fig.l, where the direction of rollin» is from left to right. 

When a strip of this type is rolled, roll portions with diminishing 
and increasing radii can be simultanszously in the deformation zone; 
this corresponds to a transition from rolling with decreasing draft 
+» rolling with increasing draft. When roll portions with 
ancreasing and constant radii are in the deformation zone, vhis 
card 1/6 
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corresponds to transition from roliing with increasing draft to 
rolling at a constant draft etc, The variants shown in Fig.1 are 
divided into two groups: one comprising the variants a,6,8 and 
2 5 the other comprising variants @ » @, MW and uw, Rolling of 
“apered strip under conditions of diminishing draft can be regarded 
43 a particular case of the first group; similarly, rolling of 
tapered strip with increasing draft is a particular case of the 
Second group, (Variants 2 and W& , less common than the remaining 
ones, are not considered in the present analysis, ) The geometry of 
rolling according to variants a and @ , relevant to the subject 
under consideration, are shown in Fig.2a and 26 respectively, 

It is with reference to this figure that general formulae are 
derived in the following paragraphs for the central angle of 
contact ©, and for the critical angle y, the latter being 
determined from the equilibrium of the horizontal components of 
forces in the deformation region, The change of the critical 
angle y with the rotation of the rolls is then considered and 

the relationship between Y and various rolling parameters is 
discussed, A formula for the momentary forward slip is then 
derived, the term "momentary" signifying the fact that the forward 
Card 2/6 
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xkir ! 
eitp in the case under consideration continually varies, The 
. Validity of this formula was checked by experiments carried out on 
lead strip of the type shown on top of Fig.7. Test pieces of 
various sizes were rolled under various rolling conditions, ze 
Typical results for 2 sets of experimental conditions are shown in ; 
Fig.7 (bottom), where the forward slip S" is plotted against the 
distance (given in mm on the circumference of the rolls or in te 
degrees of the angle 6) from the point of minimim roll radius. 4 
Although the validity of the analytically established relationships 
was qualitatively confirmed by the experiments, in many cases the 
experimental values of S" differed from the calculated values, 


This was attributed to the fact that the formula S" derived by are) 
the present authors, did not take into account the zone of 
Sticking friction, There are 8 figures and 11 Soviet references, 
ASSOCIATION: Ural'skiy politekhnicheskiy institut 
(Ural Polytechnical Institute) a 
at id. 
SUBMITTED: January 4, 1960 
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E193/E435 
AUTHORS : Pozdeyev, A.A., Tarnovskiy, I.Ya., Zykov, Yu.5. 
ee at eg 
TITLE: Foundations of the theory of visco-plastic 


deformation of metal during rolling 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Chernaya 
metallurgiya, no.10, 1961, 50-58 


TEXT: Experimental evidence indicates that a hot-worked metal 
possesses both plastic and viscous properties and should therefore 
be considered as a complex visco-plastic mediun. In contrast to 
the theory of .small elastoplastic deformations in which the 
equations of state for a deformed metal establish the relationship 
between the stress and strain components, the corresponding 
equations for the theory of visco-plastic deformation describe the 
relationship between stress- and strain (deformation)-rate 
components, One advantage of using the latter theory as a tool 
for stucying the mechanism of hot deformation is that it is 
concerned with increments of stress: and strain rates. 
the limiting condition of small degrees of deformation no longer 
applies and the theory can be applied to studying the variation of 
the stress-strain state at any moment of the deformation process. 
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In the present paper, this theory is applied to the analysis of : 
the mechanism of flat hot rolling. A slab of rectangular cross- / 
section is. considered whose dimensions are Hoy (thickness), aad 
‘Lo (length) and By (width). Its thickness is reduced during 
rolling by AH ar ig its final dimensions are Hj, Ly and Bj, 
the half-thickness and half-width being denoted by h and b 
with appropriate indices (0 or 1). The fetationshtp between 
‘stress and strain rates is described by a é ; 
set of equations for a visco-plastic medium (Ref. 2: L.M.Kachanov. 
Mechanics of Plastic Media. Gostekhizdat, +1948) 
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in which yp! (tensor coefficient) represents the coefficient of 
proportionality between the components of stresa and the rate of 
deformation. Jordan's principle (Ref.3: L.S.Leybenzon, 

Course of Theory of Elasticity, Gostekhizdat, 1947) applied to eee 
an incompressible metal is expressed by . srs 


WIV tet tt taba a= [gb oat Yad, + iy Be 
| , +Z,bu,)dS, _- (4)! Ae 


where Xn, Yn, Zn - projections of external forces applied to 
the body under deformation, on the axis of the coordinates; 
8Vx, Svy, bv, ~ variations of velocity components of the ee 
displacements on the points of the: body on which external forces 

are acting, The left hand side of Eq.(4) represents the 

variation of the work of internal forces, while the right hand side 
represents the variations of the work of external forces. 

Utilizing Eq.(1), applying calculus of variations and introducing a 
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new system of coordinates to the right hand side of Jordan's 
equation it will become 


foreman [VERT e] 000 gs 
, : ‘ s te. We e9e . 


where. H - the intensity of the velocity of defor:ration due to 
shear; vp - roller velocity; 9, - the angle characterizing the. 
point considered (0 € 9, <a); a - contact angle; tg - yield © 
point under shear; vx,Vy,Vz - velocity components (vz = vxtan 9 x). 
Jordan's equation Hpesented in this form is applicable to the 
analysis of the process of rolling on plain rollers, If the work 
of shear lost on overcoming resistances tg is also included, it 
becomes: 
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2 {a+ 7 HW \ dV + E {sivas + 
b : 5; 


— a) gS | = 0, 
a re (Y/e+(2 =e sa 
: S$ 


Eq.(16) or (17) should be combined with an equation expressing the 
law of energy conservation, The work done on direct rolling is: 


“up of a 


i Nap = Maye 2R0 (eas — ({ ruas] ; ‘ 
| . = : (18) 


Si 


where M - roll torque (for two rollers); w - angular volocity; 
R ~ roller radius, The work done on overcoming friction forces 
and internal resistances is 
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(21) 


Foundations of the theory of 


Taking into account the work lost on the surfaces of 
discontinuities and the condition “np = "A leads to 


"i vealf at aa “48 fffeanew aay 
— $x, IV 3+ (0 vy? so te vate) SB ffatoas = 0. 
(26) 


where Y - critical angle. Eq.(26) and (17) taken together 
define the problem for the calculus of variations. They contain 
three unknown quantitios YxiVy:Vz and their derivatives which 
have to be determined in such a manner that, on one hand, the 
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integral is to assume its maximum value and, on the other, the 
Eq.(26) be satisfied. Moreover, the functions VxsVys¥z should 
satisfy incompressibility condition 


kc Sa g 2%" 9 (29) 


Ox Oy  . @z 


The solution can be obtained with the use of the calculus of 
variations (Ref.10: S.G.Mikhlin. Direct methods in mathematical 
physics, Gostekhteorizdat, 1950; Ref.11l: L.V.Kantorovich, : 
V.I.Krylov. Methods of approximation of higher analysis, 
Gostekhteorizdat, 1949), Thus, the velocity of the metal at any 
point of the volume of deformation region can be determined, 
whence'all rolling parameters can be calculated, The power 
expended on deformation Nm can be found from Eq.(21), If Na 
is known, the rolling torque Nr can be determined from Eq.(18), 
and the roll force can be caloubetad for a given roll radius. 


The velocities at the entry and exit points of the deformation 
region (vg and v1) are calculated from the known value of vy. 
Then, from the ratio of the initial-to-final cross-section area of 
Card 7/8 
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-- this slab or from the values of vz and “2, the elongation i 
can be calculated. from 


Fe. a me ee x 
Fy Vo: 


The lateral spread can be then calculated for a given draft, from 
‘the ‘condition of constant volume of the deformed metal. The 
velocities Vx,Vy and vz can be used also to construct 
trajectories of displacement of metal particles in the deformed 
region relative to the rolls, as has been described carlier 
(Ref,12: A.A.Pozdeyev, V.I,Tarnovskiy. Izv. VUZ. Chernaya 
metallurgiya, no.6, 1959). There are 12 references: 11 Soviet- 
bloc and 1 Russian translation of non-Soviet-bloc publication. 
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TEXT: The modern conception of the stressed and strained state of metal at 
rolling complex shapes is described. In view of a great variety of complex 
shapes, a classification of shapes in groups is suggested. 1. By the form: a) 
with two planes of symmetry (H-beams and other), b) with one plane of symmetry 
(rails, T-beams and others), c)without planes of symmetry. 2. By conditions of 
lateral deformation: a) with a free expansion, b) with a restricted expansion, 
c) without expansion. The analysis of the mechanics of metal deformation shows 


that neither Brovo's nor Tafel's method can be accepted as a correct one, It 
should be recommended to use electronic machines for performing calculations, / 
since the functions derived are very cumbersome. en 
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COVERAGE: The book reviews technological problems of forging large 


steel ingots. The effect of reduction and conditions of deforma~ 
tion on the quality of forgings 1s discussed on the basis of re- 
search work done at heavy-machinery plants of the USSR. The book 
offers practical suggestions on improving the quality of large 
forgings and reducing the amount of labor required to produce 

them. I. Ya. Chernikhova,.V. I. Tarnovakiy, and.V. P. Bakharev 

took part in preparing the copy for publication. There are 193 ref- 
erences, mostly Soviet. 
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upsetting plates and the presence of an aperture in the lower upsetting 

plate affect the closing of internal defects. A description of upsetting 

on flat plates with and without oil and graphite lubricant, the mechanism 

of the closing of internal defects, and upsetting of a 34XHIM 34KhN1M) wi 

steel blank are included. The work of A. Tomlinson and I. Stringer (Ref. 1: — 
' The Closing of Internal Cavities in Forgings by Upsetting, Journal of tho 

Iron and Steel Institute, March 1958), and that of M.V. Rastegayev (Ref. 2, 

Vestnik mashinostroyeniya, no. 3, 1960) is mentioned in the article. There 

are 10 figures and 3 references: 2 Soviet-bloc and 1 non Soviet-bloc. The 

English-language reference is: A. Tomlinson, I. Stringer. The closing of 

Internal Cavities ih Forgings by Upsetting, Journal of the Iron and Steel 

Institute, March, 1958. 
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TITLE: 
PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Tavetnaya metallurglya, 
$5 n0. 5, 1962, 145 - 155 : 
TEXT: In order to develop methods of determining the force in pressure 
empted the derivation of a formula to calcu- 
Zation calculus. 
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using direct methods of var 


Force and pressu ed with the use of a rough, approximate metal flow 

diagram ( Fig 1) er is divided into 3 sections, the velocity 

field is kinematically possible, and value “a” is the depth of deformation 
following simplified formula for the necessary force in pressing 
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satisfactory agreement makes it possible to recommend the rela 
the determination of the pressing force for aluminum alloys. Calculations with 


the use of formula (6) are simple and do not yield indefinite results as ¢.6- 
Gubkin's formulae. Graphs are plotted to facilitate calculation (Figure 7). 


There are 2 tables and 7 figures. 
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